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High Contrast / Low Contrast

First x-ray image
made by Röntgen in 1896

Modern x-ray image
2011



Coherent X-ray imaging 
using Synchrotron Radiation

»What is so special about Synchrotron Radiation? 

» and how do we use it for better X-ray imaging?

Coherence

Phase contrast



Analogy – Visible Light

» Diffraction

» Refraction



Analogy – Visible Light

Phase contrast imaging
Wikipedia: (images by Gary S. Settles, Penn State Gas Dynamics Lab) 



Imaging regimes

Fresnel number:
a is the feature size in the sample, 
d is the distance from sample to point of measurement

F << 1 Far-field regime (Fraunhofer)

Near-field regime (Fresnel)

F >> 1 Contact regime

F =
a2

�d

F ⇡ 1



Imaging at different length scales

» Atomic

» Microscopic

» Macroscopic



Three signals for imaging

Absorption – Standard x-ray image

Refraction – Phase-contrast image

Scattering – Dark-field image

X-ray Imaging



Conventional X-Ray Radiography: Absorption Contrast
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X-ray Imaging



Refractive Index

Refraction in a lens
Light
n = 1.5

X-ray
n = 0.999999

Vacuum
n = 1

X-ray Imaging
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‘Wave-Optical’ X-ray Radiography: Phase Contrast



Scattering

SAXS - Small Angle X-ray Scattering

Small features
wide angles

Large features
small angles

X-ray Imaging



bright-field
contrast

phase-contrast
(DIC)

fibroblast cells

Visible light: Several contrast modalities

dark-field 
contrast

1953 Nobel Prize 
Frits Zernike

Zeiss microscope
www.zeiss.de



Full field vs pencil beam



Figure courtesy: Jens Als-Nielsen

X-ray Imaging

STXM : Scanning Transmission X-ray Microscopy



SAXS : Small Angle X-ray Scattering

X-ray Imaging



SAXS, Lymph nodes

Total scattered intensity

Healthy Invaded

Scattering assymetry

Healthy Invaded Invaded

Scattering assymetry Scattering direction

Histology

Healthy Invaded

X-ray Imaging



SAXS
Small Angle X-ray Scattering

X-ray Imaging



SAXS imaging




























